In this paper we report the synthesis and characterisation of silsesquioxane tethered Al(III) complexes. The complexes have been characterised by multi-nuclear NMR spectroscopy and depending upon the bulk of the ligand either Al(L)Me 2 or Al(L) 2 Me complexes were isolated. We also report the first solid-state structure of a tethered Alsilsesquioxane complex of the form Al(L)Me 2 . All complexes and heterogeneous analogues were tested for the ring opening polymerisation of rac-lactide, with narrow molecular weight polylactide formed.
Introduction:
In recent years there has been an explosion of interest in the ring opening polymerisation (ROP) of lactide (LA) .
1 This is due to the properties of the final polymer, namely its biodegradability and biocompatibility coupled with the fact that LA can be prepared from sustainable sources. 2 There have been many elegant examples of the preparation of discrete homogeneous catalysts for this process based on group 1-4 metals, 3 Zn(II) 4 , lanthanides, 3f, 5 Al(III) 6 and metal free initiated systems. 7 The investigation of novel initiators for the controlled ROP of LA is a significant area of current research. Many ligand types have been employed with these metals systems namely salan 6d , salen 6f , salalen 3j, 3l, 6b , β-diketimates 4c and simple phenolates. 1c The polymers produced via traditional organometallic initiators contain heavy metal residues, which may have detrimental effects on polymer performance, especially for biological applications. 8 Heterogeneous initiators offer the potential to negate this problem and can also offer advantages in polymer processing. 4a, 9 To this end several groups have demonstrated the use of heterogeneous initiators for the production of polyesters. 4a, 9-10 Presumably in the case of 2H the sterically demanding nature of the ligand coupled with ortho tBu did not facilitate the formation of the two ligand-to-one metal complex.
The ligands were tethered to silica as shown in scheme 2, following literature procedures. 4a The species were characterised via elemental analysis and solid-state NMR spectroscopy, which successfully demonstrated that the tethering process had been successful. These heterogeneous ligands were reacted with AlMe 3 to generate the tethered initiators and a heterogeneous initiator was prepared by reacting SiO 2 directly with AlMe 3 as a comparison to the ligand tethered system.
Catalytic results
Initially the homogeneous initiators were investigated. The alkoxide was generated insitu by the addition of 1 equivalent of benzyl alcohol per Al-CH 3 bond, degree of transesterification, and the end groups, as expected, were BzO-and H-. The heterogeneous initiators were also trialled in solution, the target ratio of active centres-to-monomer was 100:1 based on the loading of the silica support. Again narrow molecular weight PLA was obtained, in the case of initiator Het-1 PLA with a strong isotactic bias was isolated after 24 hrs -albeit after prolonged reaction the PLA was more atactic in character. This is potentially due to transesterification or epimerisation caused by the acidic SiOH species present in the heterogeneous catalyst.
Furthermore, silica supported AlMe 3 was shown to be very poor in comparison to the tethered systems, indicating that the tethered ligand-Al species is critical for successful polymerisation for the heterogeneous system. The heterogeneous initiators were also trialled without the addition of BzOH (table 2) and these cases low conversions were observed and from the GPC the polymerisation is clearly uncontrolled, thus also highlighting the importance of the BzOH initiator in our system. Analysis of the final polymer from Het-2 showed there to be 431 ppm of aluminium after workup, whilst the PLA produced from the analogous homogeneous initiator had 2500 ppm, indicating a significant reduction in metal content. However, the quantity of aluminium in the final polymer in the heterogeneous system is higher than expected. This may be due to leaching or removal and solubilisation of the aluminium ions during the termination and work-up steps. Work is currently on-going to improve the initiator further, but this does illustrate that heterogeneous initiators can offer advantages over homogeneous systems.
Conclusions:
In conclusion a series of aluminium silsesquioxane complexes have been prepared and characterised. The complexes are all active for the ROP of rac-lactide. The solidstate structure of a silsesquioxane tethered species is reported and discussed.
Heterogeneous initiators were also prepared which were shown to be active for the polymerisation.
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Experimental:

General:
For the preparation and characterisation of metal complexes, all reactions and manipulations were performed under an inert atmosphere of argon using standard Schlenk or glovebox techniques. rac-LA (Aldrich) was recrystallised from toluene and sublimed twice prior to use. All other chemicals were purchased from Aldrich.
All solvents used in the preparation of metal complexes and polymerisation reactions were dry and obtained via SPS (solvent purification system 
Synthesis of Aluminium Complexes:
Al (1) 
Het-1-3H:
The dry amine functionalised silica (1 g) was suspended in methanol (20 ml) to which salicylaldehyde was added (0.11 ml, 0.12 g, 1 mmol) or 3,5-di-tertbutyl-2-hydroxybenzaldehyde was added (0.23 g, 1 mmol), or 3,5-dichloro-2-hydroxybenzaldehyde was added (0.19 g, 1 mmol). The suspension was stirred vigorously for 24 h after which it was filtered and the solid washed with copious amounts of methanol. The resulting solid was dried under vacuum at 80 °C for 5 h.
Het-1H C 9.97%, H 1.45%, N 1.11%. Het-2H C 14.4%, H 2.33%, N 1.07%. Het-3H C 9.48%, H 1.30%, N 1.06%
Het 1-3Al In a typical procedure the silica ligand (0.50 g) was suspended in dry THF (10 ml) to which a 2M solution of AlMe 3 in heptane (0.25 ml, 0.5 eq, 0.50 mmol) was added. The solid product was washed 3 times with dry THF (10 ml) to yield an Aluminium(III) complex. Het-1Al C 11.9%, H 1.85%, N 1.18%, Al 2.75 %. Het-2Al C 16.9%, H 2.72%, N 1.43%, Al 1.43 %. Het-3Al C 12.2%, H 1.63%, N 1.14%, Al 2.03 %.
X-ray Crystallography
All data were collected on a Nonius Kappa CCD area detector diffractometer using Mo-K radiation ( = 0.71073 Å) at 150 K, and the structure was solved by direct methods and refined on all F 2 data using the SHELXL-97 suite of programs. 
Polymerisation runs:
For homogeneous polymerisations a monomer:initiator ratio of 100:1 was used. In all cases toluene (10 ml) was added to a Schlenk followed by the initiator and 1 eq of BzOH for each Al-CH 3 unit in the complex, the lactide (1 g) was added and the flask heated for the 24 hrs at 80 ºC. For heterogeneous polymerisations a monomer:initiator ratio of 100:1 was used. In all cases toluene (10 ml) was added to a Schlenk followed by the appropriate amount of initiator and 2 eq of BzOH, the lactide (1 g) was added and the flask heated for the specified time at 80 °C. For simplicity a catalyst loading of 1 mmolg -1 Het-AlMe 2 was assumed. The reaction was quenched by the addition of methanol (2 ml). 1 H NMR spectroscopy (CDCl 3 ) and GPC (THF) were used to determine tacticity and molecular weights (M n and M w ) of the polymers produced; P r (the probability of heterotactic linkages) were determined by analysis of the methine region of the homonuclear decoupled 1 H NMR spectra. Gel Permeation Chromatography (GPC) analyses were performed on a Polymer Laboratories PL-GPC 50 integrated system using a PLgel 5 μm MIXED-D 300 × 7.5 mm column at 35 °C, THF solvent (flow rate 1.0 ml/min). The polydispersity index (PDI) was determined from M w /M n where M n is the number average molecular weight and M w the weight average molecular weight. The polymers were referenced to 11 narrow molecular weight polystyrene standards with a range of M w 615 -568,000 Da.
Supplementary material
CCDC number 875368 contains the supplementary crystallographic data for this paper and can be obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif. 
